The accuracy of the clinical diagnosis of dementia with Lewy bodies continues to be relatively poor. Several neuroimaging techniques have been used to facilitate a more accurate diagnosis. Thus far, functional neuroimaging has provided the most help. This article concentrates on the use of single photon emission computed tomography (SPECT) and reports on the efficacy data available from studies investigating cerebral perfusion, cardiac scintigraphy and dopaminergic neurotransmission. The results from perfusion studies are inconsistent. Cardiac scintigraphy shows more promise, but it is not yet known whether co-morbid cardiac conditions, which are common in the elderly, will limit the clinical use of this method. The radioligand 123 I-FP-CIT binds to dopamine transporters in nigrostriatal nerve terminals and provides a way of assessing the neurodegeneration caused by Lewy body pathology. Abnormal 123 I-FP-CIT has been shown to have high sensitivity and specificity in an autopsy study and a large multicentre trial. This article aims to give an overview of the topic.
frequently leads to worsening of parkinsonian symptoms and alterations in consciousness, 5 as well as being associated with increased morbidity and mortality. 6, 7 Furthermore, patients with DLB have a profound cholinergic deficit and may well benefit from treatment with cholinesterase inhibitors. Failure to diagnose DLB affects AD treatment trials, making it more difficult to develop and test drugs that specifically target the different underlying pathologies of DLB and AD.
At present there are several imaging techniques that can improve the identification of DLB during life. Whole-brain atrophy, rate of atrophy over time 8 and white matter lesions on magnetic resonance imaging (MRI) are not helpful in differential diagnosis. Hippocampal and medial temporal lobe atrophy can detect differences between AD and DLB at a group level, but have limited sensitivity and therefore utility for individual patients. [9] [10] [11] Much more promising are techniques that can detect the functional integrity of the brain. This article will concentrate on single photon emission computed tomography (SPECT), which is easily accessible to clinicians. An alternative method, positron emission tomography (PET), is at present mainly available in research centres and therefore plays only a limited role in everyday practice in the majority of countries. SPECT can measure perfusion and assess the neurotransmitter system with a variety of specific ligands, as listed in Table 1 .
for the diagnosis of DLB, 1 which now include "low dopamine transporter uptake in the basal ganglia demonstrated by SPECT imaging" as a "suggestive feature" for DLB. and specificity of 85%, and visual rating had a sensitivity of 78% and specificity of 94%. However, DAT loss did not provide good diagnostic separation between DLB, PD and PDD.
Efficacy of Pre-synaptic Dopamine Imaging
In a cohort with subsequent autopsy confirmation of diagnosis, FP-CIT SPECT substantially enhanced the accuracy of diagnosis of DLB in comparison with clinical criteria alone. 4 The sensitivity of an initial clinical diagnosis of DLB was 75% and the specificity was 42%. The sensitivity for the diagnosis of DLB of an abnormal FP-CIT scan, defined as total (bilateral) posterior putamen binding less than two standard deviations below the mean of controls, was 88%, and the specificity was 100%. Visual assessment of scans had a sensitivity of 88% and specificity of 83%. When an abnormal scan was defined as reduced DAT binding in the posterior putamen on one side, the sensitivity increased to 100% at the expense of some loss of specificity, 92%.
Important data come from a large European multicentre study 20 in which participants were scanned with FP-CIT SPECT after a consensus diagnosis was made by a panel of experts. Of the 288 patients included in the efficacy analysis, 88 were diagnosed with probable DLB, 56 with possible DLB and 144 with non-DLB. The scans were visually rated by three independent nuclear medicine specialists. When probable DLB patients were compared with non-DLB patients, the sensitivity of scanning was 77.7% and the specificity was 90.4%. Only 38% of possible DLB cases had an abnormal FP-CIT SPECT image. One-year follow-up of the possible DLB cases showed that FP-CIT SPECT at baseline had a sensitivity of 63% and a specificity of 100% for probable DLB diagnosis. 21 These studies are summarised in Table 2 .
In a review article, Booji and Kemp 22 discussed the observed 10% increase of striatal FP-CIT binding ratios in patients using selective serotonin re-uptake inhibitors (SSRIs) and serotonin and norepinephrine re-uptake inhibitors (SNRIs). 23 They considered that this increase is too small to be misinterpreted on a visually rated scan.
However, there is a possibility that SSRIs and SNRIs could significantly affect semi-quantitative analysis; this needs to be taken into account in research settings when a semi-quantitative analysis may be performed in addition to visual rating.
Efficacy of Post-synaptic Dopamine Imaging
The only study 24 specifically designed to investigate the post-synaptic dopamine D2 neuroreceptor availability in the striatum in DLB used
[ 123 I]-iodobenzamide (IBZM) SPECT and showed reduced radioactivity Imaging uptake in the caudate and increased activity in the putamen, giving a reduced caudate/putamen ratio. This was a small study and there was overlap between DLB and AD, making it unlikely that 123 I-IBZM would be of much use in clinical practice. A study investigating FP-CIT and IBZM SPECT in parkinsonian syndromes 25 found no abnormalities of the post-synaptic D2 receptor in six patients who were later diagnosed with DLB. Direct comparisons between these two studies cannot be made as they differ significantly in their aims and methodology.
Cerebral Perfusion Imaging
Perfusion SPECT studies (see Table 3 ) have assessed regional cerebral blood flow, a marker of brain function, using 99m Tc-hexamethylpropylene amine oxime (HMPAO), 13,26-29 99m Tc-ethyl cysteinate dimer (ECD) 13, 16, 30 AD. Combining these two measures gave good sensitivity of 95% and modest specificity of 65% (see Table 3 ).
More recently, Kemp et al. 29 reported occipital hypoperfusion in only 11 of 39 DLB subjects (28%) and in 14 of 45 non-DLB dementia cases (31%), and concluded that occipital hypoperfusion was not helpful in differentiating DLB from other dementias. A possible explanation for these discrepancies would be the difference in the criteria used to diagnose DLB. Older studies used the 1996 DLB consensus criteria; 3 the diagnostic accuracy of these criteria has varied, as evidenced by post mortem studies (sensitivity 22-83%
and specificity 79-100%). Kemp et al. 29 used FP-CIT SPECT as the gold standard for the diagnosis of DLB, since the diagnostic accuracy of this method has been shown to be superior to that of the 1996 consensus criteria. 
Cholinergic Receptor Imaging
Acetylcholine has important roles in attention, memory and cognition. 38 Changes in cholinergic function have been described in neuropathological studies of DLB. [38] [39] [40] [41] [42] SPECT radiotracers are now available for muscarinic acetylcholine receptors ( 123 I-quinuclidinylbenzylate) and nicotinic acetylcholine receptors ( 123 I-5IA-85380) and for acetylcholine vesicular transporter, which correlates well with choline acetyltransferase. In DLB, increases in both nicotinic and muscarinic receptor binding in the occipital lobe have been shown 
Myocardial Scintigraphy
Patients with DLB have pronounced cardiovascular autonomic dysfunction due to Lewy body degeneration in the cardiac plexus.
Using [ 123 I]-metaiodobenzylguanidine (MIBG) cardiac scintigraphy, [45] [46] [47] there is reduced cardiac uptake in DLB in comparison with AD even in the absence of autonomic symptoms. This investigation has excellent sensitivity (95-100%) and specificity (87-100%), [48] [49] [50] is superior to perfusion SPECT in differentiating DLB from AD 34 and has been shown to be useful in combination with IMP SPECT in possible DLB cases. 51 The main drawback is that abnormal scans are difficult to interpret in the elderly as diseases common in this age group -such as diabetes, myocardial infarction, ischaemic heart disease and cardiomyopathy -can all lead to abnormal scans, thus increasing the risk of a false-positive diagnosis.
Conclusion
In this article we have discussed several imaging techniques available to clinicians to help in the diagnosis of DLB. These techniques are now widely available, but the cost and the exposure to radioactive ligands means that most patients undergo only one scan to facilitate diagnosis.
The most important factors in choosing an investigation are the diagnostic efficacy of the scan, the comfort and wellbeing of the patient and the local availability of a particular method. Studies with HMPAO SPECT looking for occipital hypoperfusion with relative preservation of medial temporal perfusion have not given consistent results. MIBG is a non-invasive technique that has shown promise, but co-morbid medical conditions are likely to lead to abnormal scans and make MIBG more difficult to interpret.
At present, the most studied technique for assessing dopaminergic pathways is FP-CIT SPECT. Following a number of single-centre studies of FP-CIT SPECT using both semi-quantitative and visual analysis, there is now good evidence from an autopsy study and a
European multicentre study that FP-CIT SPECT has high sensitivity and specificity for distinguishing probable DLB from non-DLB dementia. 4, 20 The autopsy study 4 
